Background. Many people recognize the potential benefits of advance directives (ADs), yet few actually complete them. It is unknown whether an active choice intervention influences AD completion. Methods. New employees were randomized to an active choice intervention (n = 642) or usual care (n = 637). The active choice intervention asked employees to complete an AD, confirm prior AD completion, or fill out a declination form. In usual care, participants could complete an AD, confirm prior completion, or skip the task. We used multivariable logistic regression to assess the relationship between the intervention arm and both AD completion online and the return of a signed AD by mail, as well as assess interactions between intervention group and age, gender, race, and clinical degree status. Results. Participants assigned to the active choice intervention more commonly completed ADs online (35.1% v. 20.4%, P \ 0.001) (odds ratio [OR] = 2.10; 95% confidence interval [CI] = 1.63-2.71; number needed to treat = 6.8) and returned signed ADs by mail (7.8% v. 3.9%, P = 0.003; number needed to treat = 25.6). The effect of the intervention was significantly greater among men (OR = 4.13; 95% CI = 2.32-7.35) than among women (OR = 1.74; 95% CI = 1.30-2.32) (interaction P value \ 0.001). Responses to all eight choices made in the ADs were similar between groups (all P . 0.10). Limitations. A young and healthy participant may not benefit from AD completion as an older or seriously ill patient would. Conclusions. The active choice intervention significantly increased the proportion of participants completing an AD without changing the choices in ADs. This relationship was especially strong among men and may be a useful method to increase AD completion rates without altering choices.
Approximately 30% of Americans die in the following unenviable position: decisions must be made regarding the use or nonuse of health care services in the final days of their lives, yet the patients are already too sick to guide such choices. 1 Surrogate decision making is an imperfect solution because even close family members commonly err in their estimates of patients' end-of-life preferences, 2 despite most patients believing their family members would represent their wishes accurately. 3 Furthermore, making decisions regarding the use or nonuse of life support is associated with long-lasting pathological bereavement among surrogates, [4] [5] [6] [7] [8] [9] contravening most patients' desires not to burden their loved ones.
For these and other reasons, many national policies and local practices are designed to encourage people to communicate and disseminate their treatment goals in advance, through written advance directives (ADs) or other forms of advance care planning.
14 For example, the Patient Self Determination Act of 1990 requires that institutions certified by Medicare document whether or not all patients they see have completed ADs, and offer patients the opportunity to complete ADs. More recently, the Centers for Medicare and Medicaid Services, through the 2016 Physician Fee Schedule Final Rule, 15 began reimbursing clinicians for engaging in advance care planning with patients. Although experimental evidence of the benefits of ADs or other forms of advance care planning is sparse, 16 several observational studies suggest that patients who choose to complete ADs are more likely to receive the care they desire. 1, [17] [18] [19] Despite these policies and data supporting advance care planning and AD completion for broad populations of Americans, actual AD completion rates are low, 20 and interventions to increase AD completion have been disappointing. 21, 22 For example, a recent randomized trial found that expanding options for patients with end-stage renal disease to complete an AD increased patients' stated willingness to complete ADs, but did not change actual completion. 23 This null result may be attributable to the power of inertia-in this case, the tendency to not actively complete an AD even when people wanted to do so. We therefore reasoned that, by requiring people to act by either completing an AD or declining AD completion, we might overcome tendencies to procrastinate and augment completion rates. Indeed, active choice interventions, in which subjects must actively complete or decline a task, have been shown to increase enrollment in retirement plans, 24 HIV screening in the emergency department, 25 and employees' stated willingness to get a flu shot. 26 We therefore sought to determine whether an active choice intervention could increase the personal and relatively intractable behavior of AD completion.
Methods
We conducted a randomized trial of an active choice intervention for AD completion among new University of Pennsylvania Health System (UPHS) employees hired between 7 November 2014 and 19 August 2015. This study was approved by the University of Pennsylvania Institutional Review Board (Protocol #818456; ClinicalTrials.gov, NCT02289105).
Recruitment
UPHS's Human Resources Department customarily sends new employees emails to provide them with information and login credentials for completing their online new employee intake. During this trial's recruitment period, the email contained additional information notifying employees that they would be participating in a study evaluating the completion of employment paperwork. Employees could opt out of the study by contacting the research team.
Randomization
All participants were assigned a ''Future Healthcare Planning'' task in their online employee intake portal in addition to other tasks germane to new employees (Online Appendix Figures 1-3 ). Although the presentation of this task in the portal was intended to imply that its completion was required, in truth employees were not forced to click on it in order to complete their new employee intake. Participants opening the Future Healthcare Planning task were taken to a website that randomized them to the active choice intervention or control.
Interventions
All participants were provided with educational information about ADs. Control participants were told that completion of the Future Healthcare Planning task was optional. They could choose to complete an AD, confirm prior AD completion, or skip AD completion. Skipping AD completion is consistent with standard approaches to offering people the opportunity to complete ADs, such as that endorsed by the Patient Self Determination Act. 27 Participants randomized to the active choice arm were instructed that completion of the Future Healthcare Planning task was required for employment. These participants could complete an AD, confirm prior AD completion, or complete a form declining AD completion and indicating their reason(s) for doing so.
AD Completion and Follow-Up
The primary and secondary outcomes were the proportions of participants who completed an AD online and returned a signed and witnessed AD by mail, respectively. Participants choosing to complete an AD could do so online. However, because Pennsylvania law requires two witness signatures or notarization to make ADs legally valid, we mailed two copies of ADs completed online to the participant with instructions to return one copy signed by the participant plus a notary or two witnesses.
Data Collection
Outcomes data were collected via the advance care planning website, and participant characteristics were collected through regular UPHS Human Resources Department's procedures ( Table 1) .
The AD form was a modified version of the Allegheny County Medical Society's 28 AD that we have used in prior work. 29 The form allows participants to name a health care agent and to indicate whether they prefer that their agents follow the instructions on the AD strictly or as a guide. In addition, the form solicited participants' preferences for their overall goals of care (life-extending, comfort-oriented, or do not specify), care on hospital discharge, and, in the event of terminal illness or permanent unconsciousness, preferences to receive a feeding tube, cardiopulmonary resuscitation, mechanical ventilation, or dialysis (Online Appendix Figure 4 ).
Analysis
We used logistic regression to compare baseline patient demographics and the outcomes after assessing continuous variables in locally weighted scatterplot smoothing graphs for linearity. To arrive at a final, fully adjusted model, we included randomization group, age, and any baseline demographic variables that had a bivariable relationship with the primary outcome of P \ 0.20. We used backward selection guided by the Wald test to eliminate variables one-by-one to arrive at a final parsimonious model. We included interaction terms individually in the final model to assess modification of the intervention's effects by four prespecified participant characteristics: age, gender, race, and clinical education. All analyses followed a prespecified analytic plan and were 
Statistical Power
To achieve 80% power to detect a raw difference of 10% in rates of online AD completion between the control arm and the intervention arm, assuming a 20% completion rate in the control arm, it was required that we enroll 588 participants. To test the robustness of the results to a slight wording change in the intervention arm (Online Appendix Figures 2-5 ), we aimed to recruit an additional 588 participants in a second phase of the trial to achieve independently adequate power in that phase. Due to limitations on our ability to precisely control the timing of the change in the language, and to terminate the second phase of the trial, we actually recruited 481 patients in the first phase and 798 patients in the second phase.
Because the distributions of all participant characteristics and outcomes were similar in the two phases, we report combined results among the 1,279 patients randomized in primary analyses, and the results stratified by phase in the Technical Appendix. This study was supported by a grant from the Otto Haas Charitable Trust and through in-kind research support from the University of Pennsylvania Health System. The funding sources had no role in study design, data acquisition, analysis, or decision to publish.
Ethical Considerations
UPHS employees were not informed about the goals of the study until after they had participated because doing so would likely have influenced their behavior, skewing the results of our primary and secondary outcomes. Instead, the institutional review board authorized the conduct of this study with a waiver from the requirement from prospective informed consent, deeming an intervention designed to increase AD completion to be minimal risk. Instead of prospective informed consent, all participants were debriefed about the study by mail at its conclusion. The debriefing letter notified employees of their participation in the study, explained the purpose of the study, and provided contact information for the research team as well as the University of Pennsylvania Institutional Review Board.
Results

Baseline Characteristics of Participants
There were 1,808 new hires between 7 November 2014 and 19 August 2015. None opted out of the research study, but 529 (29.3%) were not randomized because 522 did not click on the ACP task within the OnBoarding portal, and 7 did not proceed to become employees (Figure 1) . Of the 1,279 eligible participants, 642 were randomized to the active choice intervention and 637 were assigned to control. Participant characteristics were evenly distributed between groups except for gender, with more women assigned to the control arm (Table 1) . Modal participant characteristics were age 25 to 38 years, female, white, and full-time employees who were college educated but did not hold clinical degrees.
Advance Directive Completion
Participants in the active choice arm were more likely to complete ADs online (35.1% v. 20.4%, P \ 0.001) (odds ratio [OR] = 2.10; 95% confidence interval [CI] = 1.63-2.71; number needed to treat [NNT] = 6.8) and to return signed and witnessed ADs by mail (7.8% v. 3.9%, P = 0.003; NNT = 25.6) than those in the control arm ( Figure 2 ). Forty-two (6.5%) participants in the active choice arm and 40 (6.3%) participants in the control arm confirmed prior AD completion (Table 2) . In bivariable analyses, participant race, employment status, age, and highest level of education were associated with AD completion at P \ 0.20 and eligible for inclusion in the adjusted model; participant gender and clinician status were not.
Exploratory Subgroup Effects
The active choice intervention was significantly more effective among men (OR = 4.13; 95% CI = 2.32-7.35) than among women (OR = 1.74; 95% = 1.30-2.32) (interaction P \ 0.001). Participant age, race, and clinical degree status did not significantly modify the intervention's effect on AD completion (all interaction P . 0.10; Table 3 ).
Intervention Effects on Advance Directive Choices
The intervention was not associated with differences in the distributions of responses to any of the eight selections that participants made in their ADs, including overall preferences for care and choices regarding use of specific interventions (all P . 0.10; Figure 3 ).
Discussion
This randomized trial demonstrates that simply requiring people to actively choose to complete an AD or decline to do so increases completion rates nearly twofold relative to offering people the opportunity to complete an AD, as is promoted by the Patient Self Determination Act. 27 Requiring people to make active choices increases rates of target behaviors by preventing procrastination and overcoming inertia rather than by manipulating people to do things they prefer not to do. 24, 26 It is an attractive way to increase AD completion because it motivates active engagement. As with prior proposals to require people to actively choose whether or not to be organ donors, 30, 31 promoting engagement in the act of choosing whether or not to complete an AD may later help clinicians and family members believe that the choices made reflected authentic preferences. 26 Furthermore, requiring active choice for AD completion appears to resonate with the American public. In a recent survey of 883 Americans, we found that a majority supported a proposal that would require people to actively choose whether or not to complete an AD as a condition of obtaining health insurance. 32 That such a simple, easily scalable intervention could double AD completion rates is important because most interventions tested to date have not been experimentally shown to improve rates of AD completion. 22 And the prior interventions that have succeeded were resourceintensive to deliver. 33 By contrast, this large randomized trial shows that a low-cost intervention that can be delivered without any human involvement can substantially increase AD completion rates.
A second important finding of this study is that although the active choice intervention increases AD completion, it does not alter the choices people make within ADs. The absence of significant differences in the selections made in participants' ADs between randomization arms suggests that participants who are influenced by the intervention to complete ADs nonetheless engage in the act of selecting treatment preferences to the same extent as those who would complete an AD without this nudge. Importantly, among participants who completed ADs, those in the intervention group were no more likely than those in the control group to choose not to specify choices for any of their AD responses. Thus, the intervention may increase AD completion without changing the quality of information contained in such documents.
Third, we found that the active choice intervention was effective among all subgroups studied. Although participants in this study were younger and less sick than cohorts that are perhaps best suited for advance care planning, 34 the relative effect of the intervention versus control was nearly identical across all participant age groups. If this relative effect were preserved among the elderly, who tend to have higher baseline rates of AD completion, 35 then the absolute increases in AD completion attributable to active choice would be greater still. Whereas age did not modify the effect of the intervention, the intervention was substantially more effective among men than among women. Men were less likely to complete ADs in the control group than were women (12.2% and 23.3%, respectively), yet this gap was eliminated in the intervention group (36.6% of men and 34.5% of women completed ADs in that group). This finding is similar to Carroll and colleagues' report that an active choice intervention induced greater contributions to 401(k) plans among men than among women. 24 However, future research is needed to elucidate potential mechanisms accounting for this gender difference.
Finally, although the intervention nearly doubled AD completion, as measured by both the primary outcome of completion of ADs online and by the secondary outcome of returning signed and legally valid ADs by mail, the absolute rates of these outcomes differed substantially. Specifically, fewer than half of participants who were sufficiently interested in advance care planning to have completed an AD online followed through by returning a signed and valid directive. This drop-off between ADs completed by web and those returned by mail may be explained, in part, by the lack of incentives participants had to return a signed AD to the study team. However, this result could also indicate that the requirements for witnessed signatures or notarization are substantive barriers that contravene patients' true goals of completing ADs. This finding also requires verification but, if replicated, may provide empirical support for the suggestion that loosening the signatory requirements of ADs, which have dubious clinical importance, might help increase completion rates. 36 Strengths of this study include the large sample size, the absence of postrandomization losses, and the capacities to assess modification of the intervention's effects as well as the effects of the intervention on the choices made within ADs. An important limitation of this study is that it was conducted among relatively young and presumably healthy Americans. The benefits of advance directives, and the stability of preferences indicated in such documents, are likely greater for older and more seriously ill patients. 34, 37 Thus, while this study establishes the principles that requiring active choice can meaningfully improve AD completion without degrading the quality of information contained within ADs, future work is needed in more seriously ill populations to replicate the findings and determine the clinical impact of this intervention. In this regard, the complementary finding that most Americans support requiring active choice to complete an AD or not as a condition of acquiring health insurance 32 suggests a clear opportunity for future work. Specifically, a policy requiring older, seriously ill patients to decide whether or not to complete an AD before enrolling in or renewing Medicare or other forms of health insurance merits evaluation. A second limitation is that 529 employees skipped the health care planning task. Although we attempted to message that the task was part of the employment process, we could not truly prevent employment if participants did not complete the task. If a truly ''forced'' active choice intervention had been used, the observed effects may have been larger.
Conclusion
Our results indicate that a simple, active choice intervention may help surmount procrastination and inertiaboth common barriers to AD completion. Furthermore, similar AD choices in both intervention and control arms indicated that participants maintained autonomy to freely choose AD selections and that the intervention did not influence actual AD selections. This scalable intervention signals a promising strategy to increase AD completion while maintaining individual autonomy. More research is needed in populations of patients who have experience living with serious illness, or others, such as the elderly, who are likely to benefit from AD completion in the foreseeable future.
